Abstract. Climate change has reached the highest rates of the last 1.400 years. This has begun to attract the attention of researchers, and the number of studies on estimation of the environmental impacts of climate change on species has also begun to increase. Ips mannsfeldi (Wachtl, 1879) is a bark beetle (Curculionidae: Scolytinae) species spreading on black pine (Pinus nigra) fields in Turkey. This study aims to model the current and future (2070) distribution of the species according to two different global climate change scenarios. Locations of I. mannsfeldi specimens that were collected in different stands were recorded with GPS. Current and future potential distribution areas of the species have been determined using maximum entropy modeling. RCP4.5 and RCP8.5 emission scenarios reported in IPCC5 were used to estimate the future potential distribution of the species. As a result of the study, it is determined that the species distributes on the Black pine (Pinus nigra) forests throughout the Mediterranean part of Turkey at the present time. According to projections to 2070 the distribution area will expand towards the Aegean region. Depending on the changing climatic conditions, it can be seen that this species expands its distribution area and may be a potential pest that causes economic damage to black pine fields in the coming period.
Introduction
The last three decades have been successively warmer periods of the last 1.400 years in the Northern Hemisphere. Evidence regarding impacts of observed climate change is the strongest and most comprehensive for natural systems. In addition to these impacts, many terrestrial, freshwater and marine species have to shift their geographic ranges, seasonal activities, migration patterns, abundances and species interactions in response to ongoing climate change (IPCC, 2014) . Especially, insect communities may severely be impacted by increasing temperature which will affect almost all life history parameters, such as emergence, growth rate, and voltinism (Bale et al., 2002; Cornelissen, 2011) . One of the important insect assemblages suffering from climate change is inhabitants of the forest ecosystems because plants and their associated phytophagous insects comprise a major proportion of terrestrial biodiversity (Strong et al., 1984; Wilson, 1988; Chapman, 2009 Selmi, 1998) . The distribution of I. mannsfeldi is congruent with the natural range of its host trees (Pfeffer, 1995) . Species distribution models estimate the distribution of species by examining the relationships between the occurrence records of species and the environmental characteristics of the occurrence sites (Elith, 2011) . MaxEnt is a software for species distribution modeling which estimates the distribution of species using presence-only records and maximum entropy algorithm .
The aims of the study were to model the current and future (2070) distributions of Ips mannsfeldi in Turkey according to RCP4.5 and RCP8.5 (Representational Concentration Pathways) climate change scenarios reported in The Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC5).
Materials and Methods

Occurrence Data
Specimens were collected from trees weakened by other insects or drought, trunks in forest stands and trap woods that were placed by Forestry Administration. Specimens were collected coincidentally during field works ( Figure 1) . The study extent was limited to the part of the Mediterranean biome in Turkey (Olson, 2001 ) where the host tree Pinus nigra is distributed and 10.000 background points also called the "pseudo-absences" (Merow et al., 2013) were selected from this area ( Figure 1 ). This approach is ideal as limiting the study extent to areas that are accessible to the species being studied improves the model performance and prevents over-inflation of evaluation metrics (Barve et Variables showing strong correlation were identified using Spearman's rank correlation coefficient (rs > 0.7). Among the correlated variables the ones that are expected to contribute to the distribution of the species were selected. Five environmental variables were used in the final model ( Table 1) . Bioclim variables for 2070 (CCSM4) and two greenhouse gas emission scenarios RCP4.5 and RCP8.5 were used to project the model. All variable rasters were at 30 arc-seconds resolution. Final binary distribution maps were generated using the threshold value which maximized sensitivity (true positive rate) plus specificity (true negative rate) since this value also maximizes the True Skill Statistic and is not affected by pseudo-absences and prevalence (Liu et 
Results
The final model was selected based on the fine tuning using the AICc value and the best model only used Linear and Quadrat features with a regularization multiplier value of 0.5 ( Figure 2) . The ROC curve of the final model shows a high predictive power with an AUC score of 0.88 (Figure 3) . The threshold value that maximized the sum of true positive rate and true negative rate was 0.58 (Figure 3) . This value was used to generate the binary maps of current and future distributions ( Figure 5 ). Projections predict an expansion of the distribution area towards north-western part of Turkey in both climate change scenarios. Predictions into negative MESS areas should be approached carefully. Limiting factors map is shown in Figure 7 . 
Figure 2. Results of the fine tuning. X axis corresponds to the beta regularization value of that model. Y axis corresponds to the difference between the smallest AICc value and the AICc value of that model. Legend shows six different combinations of the feature types
Discussion
Our results show that Ips mannsfeldi will expand its range towards north-western part of Turkey ( Figure 5) . The most important factor for the distribution of the species is elevation. However, it's important to note that elevation showed strong correlation with most of the bioclim variables regarding temperature in our case. We chose to keep elevation as a predictor because of its relevance to the distribution of the host tree Pinus nigra which occurs between 1000-1800m along the Taurus Mountains in the Mediterranean region and in the inner Anatolian region (Atalay and Efe, 2012) . Elevation is also the most limiting factor for the distribution of the species (Figure 7) . Another curious result is that the second most limiting factor which also prevents the distribution towards north-west part of Turkey is the precipitation of the driest month (WC14). A map of ΔWC14 shows that according to RCP8.5 climate change scenario precipitation of the driest month will drop in those regions (Figure 8) . Precipitation is known to be important in the distribution of other Scolytinae species. For example, in their work Mendoza et al. (2011) found that Dendroctonus rhizophagus had a narrow ecological niche in terms of precipitation. Furthermore, in their ecological niche factor analysis with 19 bioclim variables the species was "essentially linked to the precipitation of the driest month". According to our model the decrease in this variable will make the Aegean region (north-western area of Turkey) available to the species by 2070. 
Conclusion
In light of this data, the species has the potential to be an important pest species in the future. The data on the biology and the distribution of Ips mannsfeldi is very limited at the moment. Further studies are needed to explore the specific geographical distribution of Ips mannsfeldi which depends on forest characteristics across its potential distribution area.
